NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



1 


NCC 5-22 




An Investigation of Vegetation and Other Earth 
Resource/Feature Parameters Using Landsat and Other Remote 

Sensing Date 


•S a 


X. Landsat 

II. Remote Sensing of Volcanic Emissions 


Semi-Annual Status Report (#2) 
August 1, 1980' to January 31, 1981 


C/J £ 


Dartmouth College 
Hanover, NH 03755 


Principal Investigators: 

Richard W. Birnie, Assistant Professor of Geology 
Richard E. Stoiber, Emeritus Professor of Geology 
Researchers : 

Emily Bryant, Senior Research Assistant 

A. G. Dodge, Area Forester, Cooperative Extension Service (UNH) 
Kevin Doran, Assistant Grafton County Forester (UNH) 

Tom Stone, graduate student 
David Sussman, graduate student 
Lawrence Malinconico, graduate student 
Stanley Williams, graduate student 


Undergraduate Student Assistants 

(E81- 10133) m INVESlIGAlEiON OF VEGFiAIXOt) 
AMD OTHEB EARTH RJiSOUBCE/FEATORE PARAHETEES 
USING LANDSAT AND OTHER REMOTE SENSING DATA. 
1: LANDSAT. 2: REMOTE SENSING OF VOLCANIC 

EMISSIONS Sefflianimal Status {Dartmouth 


N 81-22449 


Hue las 
G3/43 00133 




Dartmouth College 


Semi-Annual Status Report - NCC 5-22 
August 1, 1980 - January 31, 1981 

This report covers activi files of the Landsat Sensing Research 
Group (Earth Resources) and of the Volcanic Gas Sensing Research 
Group (Planetary Science) which work in collaboration with the 
Goddard Institute for Space Studies, New York; Dr. Robert Jastrow, 
Director. Dr. Stephen Ungar of GZSS is the Technical Officer for 
this project. 

NCC 5-'22 supports work which was started in 1974 under NSG 5014. 
The work described below I. B. , (Geology and Geobotany) will in the 
future be supported under another Cooperative Agreement or Grant. 

I. Landsat 

The Dartmouth Landsat Research Group continued application 
studies for Landsat data under the general category of analysis 
of vegetation cover, especially forestry and geobotany, that is, 
the effects of soil/earth mineral content On vegetation. 

A. Forestry 

i 

I, Introduction 

In the past half year, we have had some changes in personnel, 
have worked on applications of Landsat data, developed applications 
techniques, and have maintained and established contacts with remote 
sensing colleagues. We have noticed an increased awareness of and 
interest in the use of Landsat data in New England: 

II. Changes in Personnel 

Kevin Doran has replaced Ken Sutherland as forestry advisor 
from the UNh Cooperative Extension Service and has quickly taken 



hold of these responsibilities. Emily Bryant has entered the Computer 

* 

and Information Sciences Program as a Master's candidate and has been 
working on this project half time. Gibb Dodge's role has remained the 
same. Undergraduate assistants were Mark Heuberger (fall), and Sally 
Johnson and Paul Fisher (winter) . 

III. Applications Projects 

A. Investigation of the fanning algorithm as applied to Maine 
forests was completed, writte^n up as an abstract, submitted, and 
accepted as a poster for the 15th ERIM Symposium in May, 1981. 
(Enclosure 1) 

B. Deer yard habitat. Mark and Kevin field-checked areas in 
southwestern New Hampshire which the NH Fish and Game Department had 
indicated were deer yards. Mark used these areas (largely softwood) 
to develop signatures for potential doer yard habitat. In a field 
trip to Canaan, signs of deer were found in two out of four or five 
areas that had printed out as deer yard. Printouts of three towns 
in southwestern NH were made with these signatures. Reaction from 
the i’ish and Game Department was positive. We are refining these 
signatures and developing output appropriate to their needs (.e.g, 
overlays of topography) . 

C. Gypsy moth defoliation mapping. Tapes were finally acquired, 
but since they are in the wrong format, there is a delay in using them. 

D. Recent report by Cooperative Extension Service (sub contract) 
is at Enclosure 2. 

IV . Techniques 

We are writing a program on the Dartmouth computer to calculate 
pixel coordinates given latitude and longitude and vice versa. Mark 



determined ground control point coordinates for a significant 
portion of New Hampshire; Em and Paul have been writing code 
for the program. 

V. Maintaining Contacts - spreading the word. 

Emr went to GISS in September to meet with Arch Park in 
regards to his project mapping biomass. 

Gibb, Em, and Kevin attended the RSGNNE meeting in 
Burlington in September. 

Gibb and Em gave a guest lecture for Dave Lingren's 
(Geography) remote sensing class. 

Kevin and Em met with Kurt Olson (UNH) to see how his work 
is going and to catch up on news. 

At our invitation, Helen Mustafa and Bob Edwards from the 
New England Area Remote Sensing System (NEARSS) visited Dartmouth. 
We discussed NEARSS and remote sensing in New Hampshire. 

Gibb, Kevin, and Era visited Bob Barker of St. Regis Paper 
Company in Jacksonville, Florida. We saw their Forest Resource 
Inventory System which is being put together now. It incorporates 
Landsat data as one of many levels of information in their forest 
inventory . 

Article "Landsat for Practical Forest Type Mapping; A Test 
Case" was (finally) published in Photogramme trie Engineering and 
Remote Sensing Magazine, Decembe^'T, 198,0. (Reprint, Enclosure 3) 

VI. Increased Awareness . 

Over the past year or so, a number of projects involving 
La.ndsat have cropped up in New England. A Landsat Demonstration 


Project backed by ERRSAC has been initiated. in New Hampshire. 

Maine has a similar project started within the last year. 

Vermont's demonstration project has been underway for a couple of 
years. The NEARSS groups whose concern in largely with access to 
real-time ocean and coastline remote sensing data, started gathering 
Information and making plans last spring. The New England Inovation 
Group (funded by NSF) has a contract from NASA Headquarters to 
Investigate the use of Landsat data on the local and regional govern- 
ment level. All in all, things are starting to cook! 

B. Geology and Geobotany 

The geobotany group have been involved in refining the data 
collected over the Mesatchee Creek prospect. A Chi squared 
statistical test was applied to the aircraft multispectral scanner 
data and it confirmed the extremely high correlation (>99.9%) of 
the anomalous spectral data to the mineralized zone. This data has 
been included in a revised paper sent to Economic Geology, (see 
previous semi-annual report) This paper has been accepted fo^ 
publication. 

II. Remote Sensing of Volcanic Emissions 
This research group consists of Professor Richard Stoiber and 
Graduate Assistants Lawrence Malinconico, Stanley Williams (Ph.D. 
candidates) and David Sussman. During the period of this report 
(August 80 - January 81) they were concerned with: 

a. Mt. St. Helens Eruptions including the RAVE Mission. 

b. Monitoring volcanic activity in Nicaragua, El Salvador 
and Guatemala (Foreign travel supported by others) 
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c. Testing a Mini->Cospec« 

d. Reporting various activities at Scientific Meetings. 

1. Nt. St. Helens 

The RAVE Mission is described in Enclosure 4. Professor Stoiber 
participated with the group, in the remote sensing cf SOj. This 
report was presented at a symposium on the Mt. St. Helens Eruption 
in Washington, DC, November 18-19, 1980 (Enclosure 5). At this meeting, 
a paper was presented (Enclosure 6) to which Stoiber, Malinconico and 
Williams contributed. A similar paper was presented at the 1980 AGU 
Fall Meeting (see below and Enclosure 8, V 39). 

2. The group visited Central America again in November - December, 
1980. This activity continues the field proofing of the Cospec loaned 
by Barringer Research, iihe manufacturer, Toronto, Canada. The field 
expenses, including travel, for this work, are supported by others 

(esp NSF) but the work contributes generally to the expertise and 
reputation of the group. Recent activities have been reported in the 
SEAN (Scientific ^ent Mert Network of the Smithsonian Institution) 
Bulletin #12, Dec* 31, 1980 (Extract at Enclosure 7) and at the 1980 
AGU (American Geophysical Union) Pall Meeting Dec. 10-15, 1980 in 
San Francisco (Abstracts of 3 papers V 132, V 133, V 136, Enclosure 8). 


End. 1-8, a/s 


Fanning: A Classification Algorithm for Mixture Landscapes 

Applied to Landsat Data of Maine Forests 

Stephen G. Ungar and Emily Bryant 


I. Introduction 

Most Landsat classification algorithms used today separate 
land cover into discrete categories on the basis of presence or 
absence of a land cover type: "wheat vs, non-wheat". Most land- 

t 

scapes, however, include a mixture of types: trees plus grass 

in an orchard, or corn plus soy along a field boundary. These 
would be better classified on the basis of the proportion of the 
area' covered by each type. The "fanning" algorithm was developed 
at the Goddard Institute for Space Studies by Stephen Ungar, to 
accomodate mixture landscapes. It quantifies the varying propor- 
tions of two "pure" land cover types within a pixel. 


II. Description of Algorithm « 

Assume each pixel to be composed of a mixture of cover type 
A and cover type B. "Pure" pixels of cover type A have a mean 
spectral signature specified as A^, A 2 # A^, A^ where A^^ is the 
energy received at the satellite in the ith spectral band. The 
energies in each of the four Landsat MSS bands may be thought Of 
as the components of a 4 -dimensional observation vector A. In a 
similar manner B = (B^, 62^ B^) represents the spectral sig- 

nature of a "pure" pixel of cover type B. In principle, the 
signature of a pixel composed of a mixture of cover types A and 
B may be expressed as 

^ « nA + (1 - n/B 
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where n represents the fractional area occupied by cover type A, 

As n varies from 0 to 1 a **fan*' of vectors is formed, ranging in 
direction from ll to % and terminating on the line joining and X, 

In a real situation, the observed signature of a mixture 
pixel will generally not terminate on this line. Our technique 
determines which value of n minimises the difference between 
observed signature and a theoretical signature terminating on the 
line. Geometrically, this is equivalent to finding the end point 
of the theoretical mixture vector by dropping a perpendicular 
from the observed signature to the line joining the pure types. 

•The problem may be analytically stated as follows: 

If, 6S *= I^Qbs ” find n such that (6s) « 0. 

The formal solution is simply the least squares fit determination 
of n among the four values obtained by considering each Landsat 
band independently. 

I « 

The fanning algorithm is available in both an unsupervised 
and supervised mode. In the unsupervised mode, the GISS chaining 
algorithm is used to allow pixels to chain together into clusters 
and fans. The algorithm selects the signatures for the pixel 
pair with the largest separation in each fan as the endpoints or 
"pure” types. A value of n is then determined for each remaining 
pixel in the fan in terms of these pure types. In the supervised 
mode, the user specifies the pure type signatures which are applied 
to a category of pixels defined from some previous supervised or 
unsupervised classification. 


In both modes, the algorithm tests: <a) the value of n 

derived for each pixel for physical reasonableness (i.e., 0<n<lj 
if the fractional area hypothesis for a two component mixture is 
correct ) i and <b) the goodness of fit of the observed signature 
to the fan (i.e., 5S » 0 if the observed vector is close to a 
theoretical vector lying in the fan) . 

This study uses only the supervised mode. 

jt 

III. Application of the Fanning Algorithm in Forestry 

One goal of the Earth Resources Group at GISS is to make 

useful forest type maps with Landsat data. Forest types used in 

current practical forest inventories in the northeastern U.S. are 

defined by the proportion of hardwood (deciduous) and softwood 

(evergreen) trees in an area. Definitions and their interpretation 

vary from user to user. If the fanning algorithm could provide 

objective and consistent quantification of forest type proportions, 

( « 

Landsat maps could meet or even surpass users* inventory speci- 
fications. 

IV. Results to Date 

As a test of the fanning technique^ a classification was 
compared with a detailed inventory of million acres of forest 
land in northern Maine, managed by the Seven Islands Land Company, 
Bangor, Maine. Landsat data was recorded in August, 1976. The 
inventory, done the same year, breaks out four general forest types: 
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Type 
Hi\rdwood 
HS 
SH 

Softwood 

A scale for the fan was set up where 0.0 represented pure • 
hardwood and 1.0 pure softwood. One would expect^ therefore, to 
partition the forest types at values of 0.25, 0.50, and 0.75 on 
the scale. To match inventory acreages on the 29 subareas (town- 
ships) of the applications area, however, the scale had to be 
partitioned at mean values of 0.294 (t 0.045) r 0.535 (± 0.044), 
and 0.642 (i 0.043). Although these values were significantly 

I 

different from expected, they were consistent across the appli- 
cations area. This suggested that actual partition values could 
be determined quite confidently from a sample area. The parti- 
tioning determined from two sample townships (10% of the area) 
was used to make acreage estimates for the four forest ♦types in 
the applications area. Differences between classification and 
inventory were within 5H% over the area as a whole, and within 
an average of 22% by township. These differences are similar to 
those observed in a classification of the same area using a 
"discrete categories" algorithm. 

To test temporal consistency, the fanning algorithm was also 
applied to Landsat data from July, 1976. Over an application 
' area which was limited by clouds, August partition values were 
0.271, 0.522, and 0.638; July values were 0.212, 0.500, and 0.647. 
Slope of the regression' line between dates was close to 1, and 
correlation, was high (0.997). 
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H/S Ratio 
100/0 to 75/25 
75/25 to 50/50 
50/50 to 25/75 
25/75 to 0/100 


It can be concluded from the project that the fanning algorithm 
provides consistent quantification of mixtures of two forest types. 
Partition values for specific ratios of pure types, however, have 
to be derived empirically at this points 

V. Advantages of Approach 

ISeveral approaches which treat pixels as two component 
mixtures have appeared in the literature. IVo strong points of 
the GISS approach are: 

1) The technique is based on a simplistic physical model rather 
than a statistical approach, and readily allows for improvement 
by model refinement (e.g., a more recent version of the algorithm 
takes into account shadowing and slope effects by permitting the 
fractional areas of the components to sum to less than one) . 

2) In unsupervised mode **pure" type signatures are extracted for 
the end points in a group of pixels and the mixture ratio is 
determined for each remaining pixel in terms of these ^ure types. 

The algorl’;;hm automatically rejects pixels which are inconsistent 

¥ 

with the two component mixture hypothesis. 

The practical application outlined in this paper provides perhaps 
the first quantitative evaluation of a mixture classification 
algorithm for large area inventories. 


^ROGKEi>S REPORT 
APPIYING LANDSAT MEASUREMEHTS 
TO FOREST RESOURCE INVENTORIES 

Niy 31 4 1980 through Dictinber 31, 1980 

Kevin Doran and Oibb Dodge, Cooperative Extension Service, coodinated their 
activities with Emily Bryant, Dartmouth College and other representatives of GISS. 

SITE SELECTION 


1. f1.i1shed developing field maps of deer yard areas In the towns of Washington, 
Stoddard and KennIKer for the N,H. Fish and Game Department* Will deliver to 
the Oerartment and test usefulness. 

2* Select gypsy moth defoliation training sites. 

3. Select new spruce-fir defoliation training sites 
GUIDANCE AND EVALUATION 

a) GISS on making changes In computer programs to produce better products 
continued. 

b) Dartmouth work-study students - mapping techniques, observing ground truth 
sites, development of rotation and scale change program. 

c) Private landowners with large ownership - using computer maps as field tools 

d) Revise and update 1981 work plans 

e) Evaluation - analyze computer outputs resulting from GISS program changes 
COLLABORATION 

9. 

1. Serving on Cooperative Extension Service National Task force for remote 
sensing - advice to Extension Committee on policy related to Extension activity 
In remote sensing technology transfer. 

2. Update information to the University of Vermont, University of New Hampshire, 
Maine Forestry Group, GISS, ERRSAC, GSFS, Remote Sensing Group of Northern 

New England, New Hampshire Fish and Game Department and Office of State Planning 
and NEARS personnel . 

3. Remote sensing meetings with University of New Hampshire and Office of State 
Planning, and Dartmouth. 

4 . Met with N.H. Office of State Planning personnel on New Hampshire Landsat 
demonstration project with ERRSAC. 




TECHNOLOGY TRANSFER AND REPORTING 

■ Ill M ill II iii ir Iii r iiiii II M I ■■■■■■ 

1. Landsat prasentatlons to classes of Dartmouth 

« 

2. Generate remote sensing technology to New Hampshire Fish and Game Department 
and Division of Forests and Lands. 
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Cooperative Forestry Programs 
Cooperative Extension Service 
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Seven Islands Land Company 
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Landsat for Practical Forest Type 
Mapping: A Test Case 

Computer classified Landsat maps agreed to within 5 percent of a 
conventional inventory of forest lands in northern Maine. 


Introduction 

M any people have used Landsat data in map- 
ping natural resources and cultural features 
(Bauer eta/., 1978; Dejaceeta/., 1977; Caydos and 
Newland, 1978; George et 1977; Krebs and 
Hofier, 1976; Mukai and Takeuchi, 1979; Odenyo 
and Pettry, 1977). In particular, researchers across 
North America have reported use of Landsat data 
in mapping forest resources (Beaubien, 1979; 
Dodge and Bryant, 1976; Harding and Scott, 1978; 
Johnson eta/,, 1079; Kalcnsky et a/, 1979; Kirby et 
a/,, 1975; Kourtz, 1977; Mead and Meyer, 1977; 


Seven Islands Project 

The Seven Islands project developed from a 
contact with a potential Landsat data user 
employed by the Seven Islands Land Company, 
Bangor, Maine. S^ve*;} Islands manages 690 
thousand hectares (1,7 million acres) of forest land 
in northern Maine and New Hampshire, They re- 
quire information about forest types on their lands 
for management decisions and for taxation pur- 
pose,s, (The state of Maine taxes forest land by ap- 
plying different values to softwood, mixed wood, 
and hardwood forest areas.) A detailed inventor)r' 


,\bst|ract! In a cooperative project, computer classified Landsat maps were 
compared wfth a recent inventory of forest lands in northern Maine. Over the 
196,000 hectare (485,000 acre) area mapped, estimates of area of softwood, 
mixed wood, and hardwood forest types by the two methods agreed to within 5 
percent, Cost of the Landsat maps is estimated at 6,5 cents per hectare (2,6 cents 
per acre). Although the information derived from Landsat is not yet refined 
enough to be incorporated in current forest inventories, the techniques used are 
worth developing. 


Sayn-Wittgenstein, 1977; Titus et al,, 1975; Wil- 
liams and Haver, 1976), 

The goal of the Dartmouth forestry section of the 
Goddard Institute for Space Studies is to use com- 
puter classification of Landsat data to make fores 
type maps which are useful to the Held forester 
Thus, the person who cniises the forest rather thar 
the upper level manager is the "user” for whorr 
the Landsat maps are being developed. 

Photocrammctiuc Encineerinc and Remote Sens 
Vol. 46, No. 12, December 1980, pp. 1575-1584. 


of the Seven Islands lands was underway at the 
time the contact was made. This presented a rare 
opportunity to test Landsat's ability to meet prac- 
tical user information needs: the user require- 
ments were well defined (in the inventory spec- 
ifications) and there wan a product, the standard 
inventory, against which to measure Landsat 
mapping performance. 

With the cooperation of the Seven Islands Land 
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PM0T(K;RAMMETRIC ENCINKERINC k HE MUTE SENSING. 1980 


C'oni|Mny, ■ pro|<*ct ftl4rt(*d. Th«- Kual to 
mall h (hrir invriilon tpri iriialiont at clotrly at 
pottihir iitiiiK I'ompiilrr t lattifKation of Landtai 
data, and to crratr, ipiirkly and inrtprntivrly, a 
priKiuct tuitalil** to tuhinil to Ihf Bureau of Taxa- 
tion. Then- it a diflereiK'r lirtwrrn Ihit and tome 
other l..andtal appliialiont projeiit. S tcceti it 
meatured l>> aiireement with a cive;, mventnrv. 
not hy aiireement a ilh ‘'Rroimd truth** iiathered by 
the l.andsal invettiuatort. A |Hitilive atperl of Ihit 
approai h it the elimination of hiatet which Latnd- 
tat invettiKatort miiihl introduce in KatheniiK their 
own iiround truth. 

More tpecific gnalt of the project were 

• To map the Athland Dutnrl portion of Ihr Seven 
Itlandv landi (Eifurr 1); 

• To mtich coniputrr-ilattirird Landtai caleaonrt 
with Seven Itlandt inventory calegoriet: 
tollaiMid. mixed wiMid, and hardwood foretl 
ty|ief. r.»n-foretl areat. water, and roadt, 

• To calcMlalr area tor rai h category in each Seven 
Itlandt management unit (unilt are utually 
Imtnvhipt or parlt oi lownthipii, and 

• In produce geometriially corrected computer 
printout mapt of the area at 1.24.000 M'ale. 

The iollowiiiK convtraintt were put on the pro- 
ject III order to approximate an o|>erational titua- 
lion: 

• Minimire the amount of ground truth uted in 
treating and diet king the laindtal t lattiRcation 
Imelhodv de|vendenl on large amounli of grouitd 


icviN iiLaNOi caao cowaanv 
aatuaarp oitnuer inttttt/ 

mm— 

«#• •C* — 



Kk. I .Ashland Divtrict portion of Seven Itlandv Land 
Companv laridt, an area of about 106. (MK) hectaret 
at ret). Individual partelt are not alwavv con- 
liguuut and laiige in tue from 400 to lO.StN) hectaret 
(l.(KNtto26.(Miacrci). 


truth are luitable only for retearch tituatton.*, 
and 

• Keep t.-ack of expentet — human and computer 
tinar, cotl of data and tuppliet— to give an ettl- 
male of cotl per unit area 

INI ASHLAND OISTgICT 

The Ashland District, managed by Seven Is- 
lands Land Company, consists of land in 29 
townships in riorlheni Maine located Iretween 46 
and 47 degrees north latitude. In most of the area, 
the jNilitical subdivisions are *‘uninturporated 
townships*' where there is very little |>ermanent 
human settlement. 

The individual parcels or townships in the Ash- 
land District are not always ctmtigiioiis and range 
in sixe irom 400 to I0..'WK) hectares ( 1 ,000 to 26,000 
acres). The District comprises a total of 196,356 



Fit.. 1. Oblitpie (alMivr) and vertii al (briftw) views of a 
(Nirtion of Ihr Ashland Distni't. The vrrt:«.Al view is an 
rxampir of the black-and-white infrared photos used in 
the Seven Islands inventory (original <cale 1:15,840, 
photos taken in May, 1976). 
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LANDSAT FOR PRACTICAL FORtST TYPK MAPPING 


1577 


hectare* (4H5.31U acre*) (FiRiirr I). The most 
common forr*t ty|>e* in tint area are 

• tpriKe-nr (Pirra $p. — Abler ba/ramea) 

e mapir-bert'h-birch (Acer tarebarum — FaRur 
grmndtfolUi—Brtula alfrabanienrirl 

• northern while cedar — black spruce {Thuja 
occUUulatlM — Puea maruina) 

Figure 2 *how* oli|ic|ue ami vertical view* of 
part of the Ashland District. 

THt trVKN ISLANDS INVINroaV 

, The Seven Island* inventory is based on aerial 
photo-interpretation, “3-P" (probability pro|>or- 
tional to prediction) field sampling, and the stx 
computer program (a standard forest measurement 
program). Figure 2 includes an example of the 
photos used in the inventorv. The inventory con- 
sist* of type maps, acreage tallies, and volume es- 
timates. This project concentrated on iratching the 
maps and acreage tallies, leaving volume estima- 
tion to other techni(|iies. 

The Seven Islands map* distinguish vegetation 
by type, size, and density to a 10 acre minimum. 
Acreage is determined tor each forest stand, and 
totals are computed by tyjie for each tow nship. For 
tax purposes, the many forest tv()es distinguished 
in the inventoo’ are grou|H*d into three more gen- 
eral types according to the pro|>ortion ol soitwiNKl 
(conifer) to hardwoful (deciduous) trees in an area: 

• softwood — at least 75 percent of the trees are 
softwood 

• hardwood — at least 75 percent of the trees are 
hardwiMMi 

• mixed wood — the proportion of softwood to 
hardwood trees lies between those of the 
softwood and hardwiMid categories as defined 
above. 

The ahose are the general forest categories that 
were to he matched in the Landsat classification. 

PatK tDcar 

CENEBAL Ol'ILINE 

The project employed com|u>ter programs to 
make maps and acreage tallies from Landsat miil- 
tispectral scanner (mss) digital data. A sujH'rvised 
classification approach was used. It was devel- 
oped at the Cioddard Institute for Space Studies 
(ciss) by Stephen G. L'n'.;ar and is descrilrecl in 
Merry et at. (1977). With the c;i*s classification al- 
gorithm, the program use define* a volume in 
four-dimensional color space around an average 
signature for each land cover category. The sig- 
nature is usually the average reflectance of a land 
cover tyiH- as taken from a representative sample 
of the MSS data (a "training site"). The user can 
create a classirication category for which there is 
no training site, if there is another source of sig- 
natures. 



Fm. 3. MSS liand fi image of ihr 1 1 .biigiisl IM7b laiiidsat 
scenes used in classifving the .\shlaiid District (scene 
idrntifica.'ion mimliers .54MO-|.J(Mii amf 54HO-14(M.}). 
Ashland District Is outlined, sample townships are 
laiieled 1 and 2. Water is black. softwiMid dark gray, and 
hardwiMHi light gray. 

Dll AILS or THE SEVEN ISLANDS PRO|E(.r 

[..aiulsat data used in the Seven Islands project 
wa.s recorded on 1 1 .August 97fi. Scene identifi- 
cation numliers are .54H0-l»o40 and .54W)- 1 4(M.) 
(Figure 3). 

Ground truth consisted of 

• Representative copies of the photos used in the 
Seven Llands inventory (Figure 2), 

• Seven Islands inventory maps and at reage tallies 
for two of the 29 townships in the District. 

• Personal knowledge from an overt). ght of the 
area. 

• Prints of photo-mosaics used for location of forest 
harvests (scale l:31.bS()), and 

• Topographic maps (scale 1.62.500). 

There was no ground checking except indirectly 
through the inventory information. 

W e chose signature training sites in the mss data 
(usually 10 to .'}() pixels in size) for softwood, 
hardwood, water, luig, and open categories using 
the aerial photographs. Mixed wood signatures 
were made by interpolating between liardwiNid 
and softwrMid signature's. 

The tolerance parameters for the forest cate- 
gories were adjusted so that the acreage tallies 
would agree w ith the Seven Islands inventors on 
two sample townships (Table 1). Discrepancy in 
acreage figures on the two townships taken to- 
gether was under 3. .5 percent; it was under 10 |ier- 
cent when they were considereil sep.irately. The 
two townships comprise 19,000 hectares (-47.0(K) 
acres), aluuit 10 jyercent of the .Ashland District 
(Figure 3). 
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Tabu I. Fobmt Tvn Ab< a Ebiimatu iob Sambu 
To«»a»hip« ibom SivtM Ialanm Land Company 
AN u Lanimat Invintobiu * 


Forest 

7 Iklandi 

l.andkat 

Percent 

Type 

Tally (ha) 

Tally (ha) 

Dift 

Sample Township #1 

Softwood 

4 331 

4 573 

a56W 

Mised Wood 

3 320 

3 117 

-6.1* 

Hardwood 

too 

906 

492* 

Total Fur. 

8 481 

8 596 

4 14* 

Sample Township #2 

Softwood 

4 247 

4 017 

-5.4* 

MisikI Wood 

3 28A 

3 591 

49 3* 

Hardwood 

1 826 

1 667 

-8841 

Total For. 

e 360 

9 275 

-0.9* 


SBmpIr Townthipi # I and #2 Cumltlnrd 


Softwood 

8 578 

8 591 

40.2* 

Mised Wood 

6 606 

6 707 

4 1.5* 

Hardwood 

2 656 

2 572 

-3.2* 

Total For. 

17 840 

17 870 

40.2* 


* IkiHi Vv»f« UUimU *f»d tellirt nofniAJiRrd *a iKal lui«l 

lA amIi Iin»i»Uhp imaIi Krd Ihr d>rd»d Ra-f»Agr m lit t rd tA llir Wvr«t 
UlAAdt m ^f d» 


Bounditrifs uf thr manaitPinrnt uiiiU (towii- 
thipk) wfrr ktipfrimixikcd on the Loiidkat data 
iiiiiig a niaskiiiK proKrani. They were taken from 
topographic mapk, uking water brnliec in> control 
pointk. 


AtNLANO OItTNICT 



Fib 4. Seven Ulandi laind C'^impany invenlofy tallica 
for the AibUnd Diilrict and laindkal computer rUaalB* 
cation rekulu lor the kame area. 


Ruults 

Kill LIS aiLAflVt TO THE COALS 

Map thr Diitrirl. A printout map and acreage 
tally hv category was made lor each management 
unit in the Ashland District. 

Match Srtrn hlandi catruorieM. Area comparf- 
kon it one measure of how well the Landsat 
categoriek match Seven Islands categories, /vrea 
tallies fur the entire distnet are shown in Tab7s 2 
and Figure 4. Dilierenc-es lietween laindtat and 
Seven Islands iorest ty|>e acreage estimates are 
under 5 percent. Ak it to lie espected, they are 
larger for the individual township tallies. Figure 5 
shows Seven Iklands versuk laindsat acreage esti- 
mates for the individual townships for softwood, 
mised wckkI. hardwood, total forest, water, and 
open categoriek. Both the Landsat and the Seven 
Islands inventory acreage tallies were normalized 
to tliat the total acreage in each tuwnthip matched 


Tabu 2. Aar a F'XMATtsor Fobtst Typis anh Rslatui Fiaii'EIS in th» Ashland, Maini Disibict Dtaivin 
raoM S> IN IsiANDs Land C'-mpani iNvtvmav and Landsat taiMPi iia Classiiication. 



Seven Islands 

Landsat 


Diflerenoc 

Hectares 

Acres 

* of 
Total 

Hectares 

Acres 

* of 
Total 

Hectares 

Acres 

* 

Softwood 

87 104 

44.4* 

88 884 

450* 

4| 780 

4 20* 


215 285 


219 683 


4 4 398 


Mised Wood 

71 976 

36.7 

74 498 

370 

4 2 522 

4 36 


177 895 


184 127 


4 6 232 


Hardwood 

27 482 

14.0 

26 121 

130 

-1 361 

- 50 


67 924 


64 .561 


-3 363 


Water 

5 911 

30 

4 695 

2.4 

-1 216 

-206 


14 609 


11 606 


-3 004 


Open Land 

823 

04 

663 

00 

- 160 

-196 


2 035 


1 639 


- 396 


Bog 

3 060 

IB 

242 

0.1 

-2 818 

-920 


7 562 


gfWV 


-6 963 


Unclassified* 


,,,,,, 

1 255 

06 


— 




3 102 




Total Forest 

186 562 

950 

189 503 

960 

42 941 

4 16 


461 KM 


468 371 


4 7 267 


Total Area** 

196 356 

1000 

196 356 

1000 

•waM 

-r 


485 310 


485 310 


— 



* The Seven UUiidt lAvewtory inrlndrd As> rmeffory. 

•• BuCh Seven IvUmU and I Andinl Uiliev tnrie rnmnAlued m ihnt IcAni «fes in enrh lowiMhip mnlcKed the deerled Artenge m limed ui the Sei^A UAnadn 
lecoedft 
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FiC. 5. Seven Islands inventory tallies for each management unit (township) are plotted against Landsat 
computer classiHcation results for six land cover classes. Discrepimcies in one township could be 
attributed to differences in classiflcation of partially cut areas (data point is circled). 
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Itk drrdrd arrraRr a» liftrd in ihr Srvrn Ulandt 
rrcurdk. 

AKr«‘*‘nit*nl in l(H-aliont of fraturr» on nup» wa» 
dt*»ir«'d a* well ai arra anrrt*m«‘nt. An infonnal 
i-ont|Mri%on oi l..and»at mapk and Srvrn Itlandk 
in\riiiury mapt ihowk that ihr pokiliont and 
kha|M*k of the* lorrkt kiaiidk Kfnrrally inincidr 
(FiRurt* Rl. Ak a murt* lormal Irkt of ItK-atiunal 
aKrmii«*nt. 130 kaniplr pikrik in onr tnilli 

lowiikhip were* krlft'trd at random, and lht*ir 
l,andkal and Srvfn ikiandk latrgiirifk wrrr com* 
|tarrd. H«*kultk arc in Tahir 3. Thr overall aKrrr- 
nirnl (thaKonal rnirirk in Ihr lahir divided by Ihr 
lolal numiM'r of kamplrv; M3/I3UI ik 63 iiervenl. 
While ihik krrmk ralhrr low, oilier laindkal appli* 
calioiik ktudiek involvinK loreki tv|>ek ha\e iimi* 
larly low overall aKreemenI, deiiending on ekaclly 
whal ihe laleRoriek are, how lhe> are aKK'*‘IC<>l(‘(^- 
and how Ihe \am«)lek are r hosen (Table 4). Overall 
aKreeineiil raiiRek Iroin 43 pereenl lo U6 i>ereenl. 

Thik kiiiide pixel melhiKl of ineakiirinK ilakkin- 
ealion aeetirat \ has inhereni problenik. Minimum 
fealnre kiae claskiried on ihe Rronnd Inilh mapx ik 
otten Rrealer lhan one pixel (0.4 heelarri or 1.1 


aerrk), in ihik cake il wak 4 heeUrex (10 aerrt). 
Kxaxi lotalion of one>pixel kamplrx on ground 
tnilh mapk ik iinerrtain. Eaeh of ihexe probirmi 
can lower ihe meakiired ai'ciiraey of a rlakkiRra* 
lion, regardlekk ol ilk aelual accuracy. 

In Ihe non-loreki caiegoriex. il wax found lhai 
roadk were noi l<M aied w lih enough aix'ura(.*y to be 
uxeiul; alko. bogx were oHen clakkified at foml. 
'Old kinall ktreanik were not identified. 

TaUtei for each fou nthip. Acreage by lownxhip 
and cairgorv ix in Figure 5 ax mentioned above. 
IxH'aling townkhip iMMindariex wax very time con* 
kuining blit exxenlial for comparikon with the 
ktandard inventory rexultx. 

Grocorrectrd data. Tlie laindkat geometric cor- 
rection uxed w ax a xvitematic correction applied to 
the entire Landsat xcene, tixing a nrarext neighbor 
rrkainpling H'heme. The ax-curacy wax acceptable 
over the one-tow nxhip xize iinitx (N(NM) hectarri or 
20.(NNI acrex) uxed in the Seven Ixlandx project. 

BIklARIIk ON THt CONkTaaiNTt 

.\finimisr ground truth. Originally, the Seven 
Ikiandk inventory of the two kample townxhipt 



Photo * inlorprotoiiOM 


■ 


a 


□ 

MioM 9994 

o 

9»99n 

c 

n9>99994 

Q 

O999 994 

□ 

iMM 994 999 4* 

0 


m 


□ 

«*•••• 99 



.-V ! 

0 !• • 

Fii.. Srvrn Ulanda invrntork' map (ahovr) and Landxal comptilrr rlaxtiru-ation (below) from 
one of tlir two xainplr lownihipi. Informal rom(>anMin ihow k that poxitionx and xhapri of forest 
ktandk griit-rally roOK-idr. Landxat data has been syitrmatically geometrically corrreied (ongtnal 
kcair 1:24.00) 
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Tabu 3. Compabiion or Seven Iilandb and LAND«ATCLAS!M»'iCATioNt. 

The 130 One'Pixei. Sampua weee Seucted at Random pbom One Sampu Township. 


Seven Islands Categories 


LanutBi 

Category 

Soft 

Mixed 

Hard 

Water 

Open 

Other 

Total 

Softwood 

41 

12 

1 

1 

0 

3 

58 

Mixed Wood 

16 

23 

3 

0 

0 

2 

44 

Hardwood 

0 

8 

6 

0 

0 

1 

15 

Water 

0 

0 

0 

12 

0 

0 

12 

Open 

0 

0 

0 

0 

0 

0 

0 

Other 

0 

0 

1 

0 

0 

0 

1 

Total 

57 

43 

11 

13 

0 

6 

130 


SttMi of 4^<<an*l eniilct a E2, or of tko 130 Mmpitl loul, 


w«> not inoliulod in ground truth. Preliminary re^ 
cults, however, showed a large discrepancy be- 
tween Landsat and inventory maps. The only way 
to match given categories was to have u sample of 
them, not just Uie inventory specifications, Since 
the size of the ground truth sample townships was 
large, the original goal was expanded from map- 
ping three townships to mapping the entire dis- 
trict, 

Costs. The cost estimates for this project arc 
listed in Table 5. The overall cost of 6, 5 cents per 
hectare (2,6 cents per acre) includes human time at 
ten dollars per hour, computer time at 600 dollars 
per hour (on an IBM 360/95), and ground truth, 
The cost of ground truth for the two sample 
townships is 37 percent of the total cost — 2.4 cents 
per hectare (0.99 cents per acre). The cost also re- 
flects inciliiciencies whirl, would be eliminated in 
subsequent projects. The estimate excludes cost of 
software development, depreciation on the com- 
puter, photo-mosaics, topographic maps, and 
geocorrection of data. Classification of a larger 
area would reduce the per area cost; estimated 
cost for 800,000 hectares (2 million acres) is 2.4 
cents per hectare (0,96 cents per acre). Table 6 


compare.s this cost estimate with those from other 
Landsat applications projects. They vary from 
0.078 to 8,6 cents per hectare (0.032 to 3.5 cents 
per acre). Much of this variation is due to differ- 
cnees in the items included in the estimates 
(sometimes ground truth is excluded) and the cost 
assigned to the items (cost of human time varies 
from 5 to 21 dollars per hour), 

The information derived by computer- 
classiflcation of Landsat data could also be derived 
from standard photo-interpretation techniques. 
The company that did the Seven l.slands inventory 
gave a ball-paric e,stimate of the cost as 11.0 to 16,0 
cents per hectare (4.5 to 6,5 cents per acre). (Rate 
for the Seven Islands inventory itself would be 
higher because it is more detailed), 

Discussion 

Although acreage results on the forest categories 
were within 5 percent, those for the remaining 
categories (water, bog, open land) had much larger 
discrepancies (Table 2; Figure 5). Possible expla- 
nations of these discrepancies follow. First, there 
is a smaller sample; together the open, bog, and 
water categories comprise only 5 percent of the 


Tabus 4. Compabison or Locationai, Agbeement Results. 


Reference 

# 

Categories 

# Diagonal 
Entries 
(Pixels) 

Total # 
of Samples 
(Pixels) 

Overall 

Agreement 

(Percent) 

Sample 

Selection 

Scheme 

Bryant et al. 

6 

82 

130 

63% 

Random 

Hairding and Scott 1978 

5 

142 

302 

47% 

Stratified 

Johnson et al, 1970 

6 

107 

200 

54% 

Grid 

Johnson et al, 1979 

3 

169 

200 

85% 

Grid 

Kaicnsky and Sclicrk 1975 

4 

1119 

1342 

83% (4-date) 

* 

Kaicnsky and Scherk 1975 

4 

• 

• 

67%-82% (1-datc) 

* 

Kalensky et al, 1979 

9 

4024 

4123 

98% 

Control Areas 

Kaienskyet al. 1979 

9 

4061 

4123 

98% 

Control Areas 

Kalensky et al, 1979 

9 

3978 

4123 

96% 

Control Areas 

Kirby et al, 1975 

6 

401 

676 

59% 

Pixel Columns 

Mead and Meyer 1977 

11 

560 

1305 

43% 

Pixel Rows 

Mead and Meyer 1977 

11 

779 

1478 

53% 

Pixel Rows 

Williams and Haver 1976 

6 

162 

232 

70% 

Random 

Williams and Haver 1976 

3 , 

208 

232 

90% 

Random 


Infonnaltpn no( provldeU, 
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Ta»LC S. SeVKN IsUNDS PROJRCr CoiT Ertimate*, 

Size or Area CussiriED; 196 400 Hectarei (485 310 Acm). 



Cost 

*of 

Cost/ha 

Cost/a 

item 

(Dollars) 

Total 

(Cents) 

(Cents) 

Materials* 

1 699 

5.4% 

0369 

0.14f 

Field Expenses' 

780 

6,1 

0,40 

0.16 

Inventory of Sample Townships' 

4 600 

37 

2.4 

0.99 

Signature Development' 

4 490 

35 

23 

0.93 

Subtotal: Initial Costs 

910 769 

84 % 

53 f 

23 9 

Run-olF and Tally of 





Ashland District* 

9 2 070 

16 % 

11 * 

OA39 

Total Cost 

912 839 

100 % 

63 g 

2.6 # 

Projected Cost Estimate for 800 000 hectares (2 000 000 acres) 

Initial Costs 





(As Above) 

910 769 

56 % 


0349 

Rtin-oirand Tally 

8 600 

44 

1.1 

0.43 

ToUl Cost 

919 369 

100 % 

2.4 f 

0.97# 


< liic:|uil«i Mir plioliit, Landsil lmMK«s, Ldindtit CCT’i, «nd com|mter iupplfci> 

' Inc'iiidtfi travel and UlNircoili. (LmImi valued at IIQ per hour.) 

* EttiniMtcd cotl far 19 SOO heclufei (48 000 tcrei) il SSE per hectare (I0( per ecrr). 

* Indiider 305 hours labor ami 144 iiilnutei computer time (valued at 110 per minulelt 

* Includes 106 hmirs lalarr and 09 iritnulei computer timei 


area classified; the rest is forested. Next, the reso- 
lution of Landsut (80 metres) is coarse relative to 
streams and narrow roads. These features are ab- 
sorbed into the surrounding forest types. This may 
account for the Landsat underestimation of water 
and open categories, 

Confusion in Landsat categories may account for 
the underestimation of the bog category. Bogs 
were often classified as mixed wood or hardwood, 

Forest acreage tallies for some individual 
townships had noticeably large discrepancies. In 
one case (circled in Figure 5) this could be attrib- 
uted to difierence in classification of partially cut 
areas which included many small softwood trees 
and a few large hardwood trees. The photo- 
interpretation in the Seven Islands inventory, 
which is based on numbers of trees, indicated 
softwood; the computer classification, based on 
average reflection, indicated mixed wood. 

A factor influencing forest classification is sun 
illumination. Classifications of forest areas within 
terrain shadows have a bias toward softwood. 
Merging of digital topographic data and Landsat 
data could improve this situation (Krebs and 
Hotter, 1976; Strahler at, 1979). Over a large 
enough area, these differences balance each Other 
out, 

There are some problems which researchers 
cannot solve. One is New Englarid weather, which 
is relatively cloudy. It is possible that in some 
years tliere would be n/-‘i Landsat coverage at the 
desired times of year. Another problem is the ac- 


quisition of data. At this point there is a long turn- 
around time in ordering Landsat computer com- 
patible tapes (gct’s), Also some private organiza- 
tions do not want to depend on government 
sources for their data. 

Conclusion 

Bearing in mind the objective to give quick, in- 
expensive, and accurate acreage estimates of forest 
tyires to the Bureau of Taxation, the following con- 
clusions are drawn, Results were very good on the 
district as a whole, but were not good for the indi- 
vidual townships. Each township has unique rec- 
ords of accounting and ownership and inust have 
proven and precise forest type information. In 
some cases this is needed for portions of a 
township that are as small as 400 hectares (1000 
acres). The 400 hectare tract requires the same 
level of precision that was reached in this piroject 
with the tallies for the 200,000 hectare tract, 

On the other hand, the energy situation is be- 
coming more burdensome, and satellite informa- 
tion will become more important as a supplement 
to aerial photographs and other information 
sources. Further research in s.'itellite data process- 
ing techniques could bring the information to a 
more useable level and is worth pursuing. 

Recommendations 

More experience using satellite data in practical 
situations is recommended. Computer classifica- 
tion may currently be as reliable as photo- 
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interpretatton, but t)i«ru nr« dinbri'iic^St and they 
need to be identified. Perbaps .some of the infor.. 
mation missing in the current Lutulsat maps can be 
extracted from biglter resolution data such as the 
quarter acre resolution projected for Landsat D 
(Williams and Slaufler, 1979). Already, examina* 
tion of Landsat 3 aav imagery .suggests that woods 
roads will be much more distinct with 30 metre 
resolution. 

SuMMAav 

Landsat classification maps were made for a 
forested area in northern Maine, managed by the 
Seven Islands Land Coinpany. Over the 200,000 
hectare (half million acre) district, results agreed 
with a standard inventor)’ to within 5 percent on 
area of general forest types. Cost was estimated at 
6.5 cents per hectare (2.6 cents |>er acre). Accuracy 
measurements and cost estimates were compa' 
rable with other Landsat forestry applications 
projects. 

The techniques described here are promising, 
but are not yet practical for Seven Islands Land 
Company's needs. Further research and perhaps 
better spatial resolution are needed to ensure rcli> 
able Landsat results on smaller geographic areas. 
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RESULTS OF THE SEPTEMBER 22, X9BO RAVE STUDY 
OP THE MOUNT ST. HELENS PLUME 

JaYvis Moyers 
UnivrMity of Arizona^ 


This •paper presents a description of the joint University^NASA 
research project RAVE (Research on Atmospheric Volcanic Emissionsji 
and preliminary results from a recent Mount St. Helens expedition. 

The RAVE scientific team consists of scientists from Drexel University, 
Dartmouth, Michigan Technological Institute, University of Arizona, 
University of Maryland, and NASA. A Lockheed Orion P-J four engine 
turbo'^prop aircraft has been outfitted with active and passive instru- 
mentation for monitoring and sampling gases and aerosols in volcanic 
plumes. The first field study in this project was performed on 
September 22, 1980 at the Mount St, Helens volcano. Measurements 
made in this study include remote sensing of SO- and aerosol burdens 
and fluxes; in plume analysis of SO^t fi^S, NO, NO^, 0^ and particle 
size distribution; and the filter collection of aerosols and reactive 
gases for subsequent laboratory analysis. There was a very success- 
ful integration and operation of all onload equipment and experiments . 
Available results obtained in this are presented and discussed. 


^Chemistry Department, Tucson, AZ 85721 
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CXWTRIBUnONS OP CO^ AND SO^ TO THE ATMOSPHERE 
FROM VOWANIC ACTTIVITy AT MOUNT ST, HBtENS 


D. M. Harris®# T, Casadevall^, and D. A, Johnston^ 
VtS, Geological Survey 
* 

W. I, Rose# «Jr« > and T. J, Bornhorst 
Michigan Technological university^ 

R._ E. StQi bar. t. l«, MaXinconlco# and S, N. Williams 
~ Darcmoutib college^ — ’ " — » 


I 

The resumption of volcanic activity at Mount St. Helens in 
March 1980 prompted measurements and study of CO^ and SO^ emission 
rates. The objective of these studies is to provide inSrmation 
about the degassing of the subsurface magma body. Although the 
principal propellant of the explosive eruptions at Mount st. Helens 
is probably H.p vapor, emission rates for CO^ and SO^ may also be 
useful indicators of volcanic activity. Sign! ficanc changes in 
emission rates for these gases my occur as a result of various 
factors such as migration of gasses from deeper mgma, intrusion of 
magma toward the surface# changes in the concentrations of CO^ 
and/or SOg in the silicate liquid, changes in the degassing rate 
of the silicate liquid, and changes in the permeability of the vent. 
Aside from providing information relevant tc eruption mechanisms , the 
measurements of sustained gas emisaions together with the pre-eruption 
volatile concentrations provide a basis for inferring the presence 
of a magma body and for estimating the volume of degassed silicate 
liquid remaining at depth. The total amounts of CQ^ and SO 2 released 
to the atmosphere by magma degassing during non-eruptive periods 
at Mount St, Helens can be estimted from the WH'e than 70 measure- 
ments of emission rates. One must increase these numbers by the 
amounts released during explosive eruptions. 

^Reston, VA 22092 
b 

Vancouver, WA 97663 
° Menlo Park, CA 94025 (deceased) 

^Houghton, MX 49931 
^Hanover, NH 03755 
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Volcanic Activity 
Tarumai Volcano (cont.) 
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Figure 3i Monthly nunbera 
Oif:days in which arupClona 
occuernd (top); harmonic 
tremor events (center); 
and recorded earthquakes 
(bottom) at Tarumai, 

January 1978 • December 1980. 


Mavon Volcano, SE Luzon Island, fhilippines (13.26*N, 123.62*E). All times are 
local ( - CMT + 8 hours). 

A moderate quantity of dirty white steam rose weakly to 200 m above the 
crater rim on 4 December at 1247, accompanied by short-duration harmonic 
tremor on the Mayon Resthouse Observatory seismograph. Faint crater glow 
was first noted at 2315 the same day. Additional steam emission was observed 
12 and 14 December. * 

* 

Harmonic tremor was first recorded at Mayon on 16 August (see SEAN Bulletin 
V.5, no. 8). Episodes of tremor and discrete earthquakes continued through 
December. Similar seismic activity preceded the 1978 eruption (see SEAN 
Bulletins v.3, nos. 2, 5, and 8) and accompanied crater glow in July 1979 
(see SEAN Bulletin v.4, no. 8). 


Information Contact: Olimplo Peda, Acting Commissioner, Commission on 

Quezon Blvd. Ext.. Quezo n City, Ph ilippines , 

Volcanic Activity in Nicaragua. El Salvador, and Guatemala, late 1980 

Geologists from Dartmouth College, the Instltuto Geogrdfico Naclonal 
of Guatemala, and the Institute de Investigaciones Sismicas of Nicaragua 
observed 8 Nicaraguan, 2 Salvadoran, and 2. Guatemalan volcanoes between 
mid-November and early December. Dartmouth geologists pr ovided the foll ow- 

Ing report. ^ 

Nicaragua 


Cerro Negro (12.52*N, 86.73*W) - Summit crater fumaroles remained at temperatures 
as high as 300*C. A small vapor plume was intermittently visible. Seismic 
activity had dropped from the high level of June. 


Cosiguina (12.97*N, 87.58*W) - No fumarolic activity was visible from the rim. 

* * "7 
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Vo lcanic Activity 

Nicaranua , El Salvador , Guatemala , (cont.) 

Las Pllas (El Hoyo) (12.48*N, 86.68*W) - A small continuous vapor plume was 
still being emitted from the top of the km*long crack in the summit. 

Masays (11.95*N, 86.15W) - Emission of a very large gas plume has continued 
without interruption since fall* 1979. Remote sensing ofSOi revealed 
continued high level flux, with 1,500 - "2,000 tons/ day average for the 
entire year. The hole through the surface of the lava lake was larger 
than in previous years and a great deal of sublimation was occurring 
around its edge. No lava or red glow was visible during daylight. Acid 
gas and rain continued to cause coiisldetable damage downwind. 

Mombacho (11.83*N, 85.98*W) - A small, intermittent plume was visible, 
rising from the SF« section of the summit. 

Momotombo (1‘2.42*N, 86.55*W) - The summit crater fumaroles continued to 
be very hot with temperatures measured up to 735*C and reported to >900*C. 

A small vapor plume continued and remote sensing revealed very low rate s 
of SO? emissio n. Portions of the crater wove seen to glow red and orange 
when observed at night, with the highest temperatures on the steep S wall 
of the crater. No seismic activity has occurred recently at Momotombo. 

San CHstobal (12.70*N, 87.02*W) - A moderate-sized vapor plume rose con- 
tinuously from the summit. Remote sensing of SO? revealed increased flux 
since June 1980, but SO 2 emission remained far below the levels of the 
mid-1970's. 

* 

Telica (12.60*N, 86.87*W) - A moderate-sized but continuous vapor plums 
rose from the summit crater. SO 2 flux was remotely measured and found to 
be approximately 150 tons/day# 

El Salvador 

Observations were made during a flight over the country. 

Santa Ana (13.85*N, 89.63*W) - A moderate plume rose from a bank of fumaroles 
on the SE wall of the inner crater, very similar to its appearance in 
November 1978. 

San Migitel (13.44**N, 88.27*W). - A small, continuous’ vapor plume rose from 
the summit crater. 


Guatem ala 

Pacaya (14.38*N, 90.60*W) - A very small cinder cone had grown Inside 

MacKenney Crater in the last 2 months. A large gas plume rose continuously 
from the summit. 

Santiagulto (14.76"N. 9i.55®W) - Ash and gas eruptions from Caliente vent 
(at the E end of Santiagulto Dome) occurred Irregularly over the 3-day 
period of observation, with intervals of 1/2 hour to 4 hours between 
eruptions. Most eruptions lasted 2-3 minutes and sent ash and gas columns 
to heights of several hundred m to 1 km above the vent. Five mm of ash 
accumulated at the foot of the dome over one 12-hour period. Eruptions 


Volcnntc Activity 

Nicaragu a . El Salvador , Guatemala (cont.) 


occasionally threw 10-cm blocks several hundred .m and ejected tephra to 
t wall above ".he summit of Santa Maria. Although not directly observed, 
the plug dome and blocky lava flow that was seen being extruded from 
Caliente vent in February was apparently still very active. Large 
avalanches of glassy material could be heard from Caliente vista many 
times pec hour. Debris from these avalanches was visible in the barranca 
below Santiaguito. 

Information Contacts: Ric hard E. StOiber. Stanley N. W lllinma. 

H. Richard Naslund, L awrence L. Malinconico , and Mark Conrad, Department 
of Earth Sciences, Dartmouth College, Hanover, New Hampshire 03755 USA. 

Samuel Bonis, Instituto Geogrdflco Nacional, Avenlda las Americas, 5<^76, 
Zona 13, Guatemala City, Guatemala. 
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Arturo Aburto and Douglas Fajardo, Instituto de Investlgaciones Slsmicas, 
Apartado Postal 1761, Managua, Nicaragua... 




SEISMIC EVENTS 


Earthquakes 


DATE 

TIME 

(GMT) 

MAGNITUDE 

LAT. 

LONG, 

DEPTH 

OF FOCUS 

REGION 

7 

Dec. 

1737 

5.7 Ms 

36.02-N 

1.23"E 

10 km 

N Algeria 

17 

Dec. 

1622 

6.7 Ms 

49.41*N 

129.61*W 

10 km 

W of Vancouver Is 

19 

Dec. 

0117 

6.1 Ms 

34.54*N 

50.70“E 

Shallow 

N-central Iran 

22 

Dec. 

1251 

5.5 

34.39*N 

50.49"E 

32 km 

N-central Iran 


The A.lgeria 

1 

event Injured 20 persons in the 

El Asnam area, devastated 


by earthquakes 

10 October 

that killed 

thousands 

and left 

about 400,000 


homeless (see SEAN Bulletin v.5, no. 10). There were no reports of casu- 
alties or damage from the 17 December shock. The 19 December earthquake 
killed 26 persons. The nearby event 3 days later caused 3 deaths and 139 
Injuries according to official reports. 


Information Contacts: National Earthquake Information Service, U.S. 

Geological Survey, Stop 967, Denver Federal Center, Box 25046, Denver, 
Colorado 80225 USA. 

United Press International. 


The Associated Press. 

Earthquake Swarm 

Siquijor Island , Philippines. 

A swarm of earthquakes began to be felt at Lazi, on the S coast of 
Siquijor Island, on 17 December. By 19 December, recorded events averaged 
102/hour and several may have reached magnitude 4-5. Loud detonations re- 
portedly accompanied the seismicity. The next day, 95 strong earthquakes 
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rtU *n I f«fl ef »irU»r IW wr*cl*H(e flw 
1h« pittii of ttw ki«l portloM sf 
tti« flout ytn contrslldi t/ topoyrtpfiy. III* 
Ipulng, csnvtetluji cIomO* of nth tfiit MMttl 
fron the tionit, (rovnd'huftlng flout probtbly 
u«ri! propuccii by tiutrlotion of fint ptrticift 
trail the tluldlfOP Mtt by otcoplng (•iti, Ib<t 
InooppOrotoi) blr my biv* beon in impoiTint oom 
ponent of tlmic gild It foggottol by tfri'tri* 
turct Oetcmlooil on i flouigo Otpotlt toon ifttr 
0 np 1 i 5 OiB«nl, ubUh jnnirillv digrtitinl touinl 
th* tprnilnut of th» fleu. TMi dKroit*, of 
wr* thin ?00“C. my bo do* to pfogpittlioly 
groitor cooling of tb« flouing mill by iKoroo* 
riled ilr uUh Increitlno dltlinct fron the 
vent, (Cvpinilon of ilr Incorporited ind boiled 
In tho pyroelittlc flout wold hivt ccntrlbMttd 
to the flild behjvlor Of tho flout, OnO pyrO* 
clittlc floM obicrved on Augutt 7 Irivtritd 5,7 
In In 7 ulnulot ibrough in olevitlon drop of 750 
m, Ittllnlng i uolnioi tpeod of IDQ tn/lir, Vt> 
loclUtt over virlout teiyiontt of tbo flou pith 
ipptir to hivo been controlled by olopo ingtoi. 
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HT, ST. NUCNS lAfA OQNCt PCTIOCMPMT AM 

mMiui enmisrir 

l,P, liedetf, till fUthoi ond A,J. Irvtno 
(Dept, of Coologicil Scloncii, Unlvorilty of 
Withlngton, Soittlo, MA WIK} 

Tho HI, St. Heltnt livi dome, luplieed ihort* 
ly ifter the June 17, IP80 eruption It i porphy- 
rule diclte, Pligloclite (32 uodil l) doninitet 
the phenoerytl ittemblige it .5-2«»i euhedril to 
tuphedrdl litht, Aott pingioclite thou concentric, 
oeirly continuout loning from • tubhedril core to 
• euhedril rin. Slitt {• fluid] Inclutlont 
mottle the coret of io»«“erytt»lt, or occur ilong 
dlltinet growth ronet neir rlmt. Orthopyroiene 
phenocrytlt (5t) occur It elongite euhedril 
pritmt (<1nn). Hornblende (3,5t) forms tubhedril 
cryttalt which commonly ire rlnted by i tone of 
flne*grilned mignetlte ♦ pyrovene ♦glitt. Kigne* 
tite ihd Itncnlte (O.St) occur it tmll pheno* 
crytts or it Inclutfont In tlllcitei. Cllnopyro* 
hetie phenocrysts ire rire, Neither blotite nor 
quarU were found. The groundnut (fot) it nottly 
rhyoinie gilts (VSI SlOj) with itundifli nlero- 
phenocryttt of pligloclite. electron mlcroprobe 
inilysls of the pligloclite phenocrysts shout 
tint nontiil toning it most common, uUh mein core 
compositions of An 55 (ringe An 46.(5) ind rlmt 
of An 50 (ringe An 44*59). Although rlre. tome 
pliglocittes uere found ulth strong reverse to* 
ring from cores of An 33 to rlmt of An 50. Horn* 
blendes (tschermikltic) ere also illghtly toned 
Ind hive two distinct populitlont! 1) moUr Hgf 
Hg*Fe*'.72, molir K/pSNi*.07 end 2) «9/Mg*re*«.64 
K/K*hl*.l4, Hyperithene (Ho2Cn55rt33) ind lugitt 
(Wo43En42FtlS) ire relitively contunt In coegio* 
titlon. The oildes ire typicelly Usp33Ht57, end 
IlmaiHiiig, Using the buddlngton and LIndtIty 
(19(4) geothermometer and assuming equilibrium, 
these ovide compositions yield i crystallliitlon 
T.ga5'’C and f02M0-'°-<. The two distinct chem* 
leal populations of plagloclase and hornblende 
Indicate the participation of it least two compo- 
sltlonally distinct magmit In the fomstlon of 
the June )2 leve dent, 
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HT. ST, HttthS UVA DOHt. PYPOCLASTIC ROH AND ASH 
5MPLE5: MAJOA A« TRACE ELEMENT CHEMISTHT 

A.J. Irvi ng (Dept, of CeOlogUal Sciences, Unlv, 

of Washington, Seattle, WA 9819S) 

J.H. Rhodet and J.H, Sparks (Dept, of teology, 

Unlv, of MetilchuSettt, Amherst, HA OIM3) 

Samples of the livi dome empleced In th# crater 
of Ht. St. Helens several days after the June 12, 
I960 eruption, pumice boulders from the May 18, 

May 25. July 22 ind August 7 pyroclifUc flows, 

•nd various ith simples from different locations 
hive been collected for chemicel tnilysls. Here ■« 
present kRF and INAA data for the dome, one pumice 
boulder end three ish samples. The rock simples 
aid two of the three ish samples ere similar In 
mijor elements, Indicating that the 1980 magma has 
remained fairly unlfom In composition over the 
period May to August, The magma Is a medli#n-K, SI* 
poor daclte. The June 12 eth sample hat loimr SIOj 
and k,0, and higher Al.Oj, total FvO, MgO and CaO, 
and mSy have e«pefle:«ed eirbome enrichment In 
phcnocrySt minerals. The rock samples are light* 
REE enriched with a possible Slight positive Eu 
anomaly, and contain 12-13 ppm Co, 8*13 ppm Cr, 
71-100 ppm V, g.lO ppm $e and 270*2M ppm le. 
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piirALooicAi. rsorckTin or miDruMt arsocutrd 

WITH RECENT ERU/TlOHt OF MOUNT IT, HILEM 
J. Pint 

H, Matin (ueoleiir Pepartuwnt, ArlaeM litlt 
Unlverelsy, Teapa, At ISIlt) 

Rheoloilcal propti'Hai of three aupevroeed 
Mdriom on the aouth aide el Mount (t, Haltna 
Wert caUultcad uatny l•chnlquaa baaed nn the 
•toeiatry of the flow dvpoelta, Maaauraaenta 
of the aliaa and daneltiaa of auapandad btoeha, 
thlchnaaaaa and alopca of lavata, and InctI* 
nation ot the Ilow aurlacaa aa they aovad 
around banked cuivta |tva ettlMtaa for yietd 
atrenitha, plaatle yli oiltiaa, naan flaw 
vilocltlee, and volumetric Ilow rataa. The 
leuermoet flow had the latEvat voluat, aualUat 
aedlan iraln etie (llSu), loveal yield atrtnilh 
(too N/nV), hlilutit emtn velocity (31 m/e) and 
VoluMtrIc flow rata 0400 mVa). The two 
later flcva(alddlaf upper) had laryar iraln 
alien (S80u| (OOu) and atrenstha (lOOO N/uT( 
1100 N/m*) and lever velccltlta (to u/a) and 
flow rataa (300 ml/a). An Upper bound of 300 
N*a/B^ waa placed on plaettc vtacoalty of the 
loveraoet flow| eatlnatea for the upper flowa 
couti not ht obtained. The lowemat flow van 
probably cauard by iha eaiaatrapbic evuptton 
of Hay 16, when lari* vpluaea of lea and rock 
were vwhiUted. Urtr imallar mudflawa were 
obearved fomlni by fatlura of the anew and 
aah'CDVcrad alopca on the louth elm of the 
mountain In utd-Juna. 

yield acrenitli oeaeureuentt are bclni ueed 
in conlunctlon with rainfall, topoaraphlc and 
aah thlckncBi data to predict arcae of hlphcut 
BUaceptlblXlty to new uudllov foruatton during 
the upcoming rainy aaaaon, 


The 1980 Eruption of 
Mt. St. Helens IV 

Emerald Room HI 
Tuesday PM 
Robert L Christiansen 
(USGS), Stephen D. 
Malone (U of Washington), 
Presiding 


pariutea were abatrvad vSilth bfabe Inta amatlar 
*gra|na upan lupacUnt tba around, Iblg avg|attt 
that Iha ptrllclaa wett tompoaad of aailtr onta, 
leeatly banaad. Thane te ttlltd ’‘atltritita,* 
have been uae4 la teplaln atvaral talldn phenem* 
ana on Meta, Theory, obaervatlana an4 laboratory 
taporlmenio ouigeot that the tana-alatdl Iractlaa 
on Main la diplttoa. However, It la lontially 
aecipiea that Aana*tliea partielta are nacapaaty 
let the farntllon af dunea on Mara, A yrayOaad 
aniwtion la Iha (rant Ion of olactroaiailcelly 
bondad aegitgataa by machanicat abrulM| tbma* 
have been piaducea lo the Itkottipty, 

Agiraaata fcroallon baa baa* allvibuied 
clupivaly to aoltan abratloni bnwtvay, the macb* 
inical dlalntegrallon legulroa to praduct a|gie.* 
galea alec octura during evplaalvt voUanU aiwp* 
Ilona, Recent obeervatlone irem Mount Et, lilcoa 
auggral that eruptiOna *ay Indaea pruduce alectra* 
atatic aggtrgtlii, altiwugh ihair foraatlen nay ba 
hindered by etmoipherlc water, VoUanteelly de> 
rived tpirraalee aiapereed by gtabal wlnde tauU 
aignlf Icantly Increaac the yoyulallan af aand 
aired perticlae to the level nKtaeary ta farm aa* 
tenelve dune flelde en Hare, Large tancafittai laaa 
nf fine grained, unconMlIdated aeierlala neer 
Martian valcanaea could b* mode af aand aittd ••* 
gltgataa, mhar lh*l aaallar aah yailltlaa. 
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VARIRTI0H5 or SOs ANO CO; ENlStlON UTI 
MOUNT ST. NCLENS* MARCH 2f TO JULT 12, 


uris At 
INO 


T. J. Caudevatl . 0. JpNnsten, D, H. Marrli 
|U, Srieqlogical Survey, Uancouvar, W IMM) 
R. E. Stdlbar, S, N. HIIHans. and 
L, L. Malinconicp (Oartmputh Ctlltgt, NdHtMr, 
NH 03755) 


TNt Objective «f tNeSf ttudlts (• tt prpvtdt 
Information about the dcgiislng of the iibivrfict 
magma body it Mt, St. Helens. Emission ratet of 
SOj were determined by ground.bastd end elrborne 
correlation spectrometry of SO? In plimes, Em|g* 
Sion ratos for CO; were determined by mteiurini 
CO; anomalies along flight paths normal to tba 
pluma trajectory at various altitudai, tbo cross 
sectional area of tha pliam, and tho wind vtloc* 
Ity, 502 neasurdmanti began on March If and 
CO; on July (. 

from March 29 tn May |d gn, tmliilM rdttf 
wore between 10 and SO metric tons/day (Td*M 
No additional $0; emission data waa obtained 
until the afternoon of the May 2S eruption, 
when the rate was 2400 Td*l during light omis- 
sion of ash, Later, the rate dtcrtaiod to about 
I ISO Td-I In the absence of tsh tmligjon. An 
Increase In SO; emission to 1000 Td*' occurfod 
about 7 days before the June 12 eruption end 
emplacement of the lava dgmt. The omlslfon 
rate remained tt 1000 Td'* through Juni 22. 

On or before July S, the rate Increased to about 
j 2600 Td"'i then fron July 6 to IB It decrtaittf 
i gradually to about 1100 Td*', About 5 hours 

I before the July 22 eruption, but afStr the onsot 

I of premonitory seismicity, t measuriment of IfOO 
I Td‘1 was obtained. Whether this Increase In 
I SO; proceeded or fallowed the seismicity Is 
! not known. During the period July I * 22, men* 

) urements of CO; showed a decrease from 10,000 

Td*' to about S.OOo Td*', When the SO; emlgilon 
I rate Increased ebruptly on July 22, the CO; 

\ emission rate remained tow. This caused a 
\ large decrease In the C0;/S0; ratlei stvoral 
\ Interpretallons art poiilblt. 


V'lO ItMlEBAVER 

CO; EMISSION RATES AT MOUNT ST. MUMS 
IT AIRIORNE PLUME MEASUREMENTS 
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D. M. MarrU (U. S. Geological Surety. 

959 liitibnal Center, Reston, VR 220t2) 
M, Sato (tame addresg) ■ 


EXPLOSIVE VOLCANISMl POiSIIU tmitCE OP 
AGGREGATE yOgHATION ON MAM 

D,N, Krinaley, J, flnb . ap4 g, Gfaalry (Department 
of Cfology, gfliona itale Unlvaratcy, Teapa, AZ 
■S281) 

The vacant aruptlona of Mount St. Kalane 
lllueliata the Inportent affecto which latga wol- 
unca ef volcanic ejecta may have on Iha opacity 
of tha almoephcre, Which In turn could effect clt- 
•■te. Hence, any procaea which nodiflep grain 
alia will atrongly Influtnca atnoapharlc dlapara* 
at, aa well aa effecting aubacquent near aurfuca 
aollan tranaport* 

During tha aah fall In Portland. Oxegon. 
which accowpanlad tha June 12 aruytion. large 


An airhorne method for determining tht CO; 
tnittlon rate ai Ml, St. Helens was developed 
because the rate Is difficult to obtgin fran 
measurements at fipnaroles In the crater. Tht 
CO; concentration variations along flight paths 
ere obtained by an Infrared method using con- 
tinuous flow of air through a 6,75 m pathlangth 
gas cell end transmlitlon neaiurcaiints it the 
4,26 .Mm absorption band for CO;. Ctta from 
each f 1 tght path are corrected for pressurt 
and temperature by using the National Advisory 
Comittee for Aeronautics (NACA) standard 
atmosphere, Hcasurements of the CO; ceneeis- 
trltton along flight paths parpcndicutar to 
the plume trajectory at verlous altitudes yield 
a set of concentration profiles. The mail rate 
of omission It calcuUttd from tht ipttUlly 
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fiMic-nudvi iquaiHitM in laiuii u<)<aoi 

AT I IM 


■■ft. bet {Mti. «f c«oi«i|r t r.<9ri'r*a<i, 

»f CiillftriiUi MrUtt{r> Cui ftiNft) 

l■■•i■ CiralcliHl 


Dm (•nc«ntr*tlaii •! rtjO] *"A faO lu* li«n 
ft*UraiM4 In H ntlUntn l(<|ul4n, e«v>f|ni| 
vMliwUir ihi Wwl» MlurnI nf ln»«», 
«mikM fm furnrlliiuliliin inffmlurm (UOft* 
t|)C'C)«nft Mtih nnhlttu i>|fMn fiiMftllnn 
l« nv)« In cnnjim£lian WUh ilnin, 111* 

r*rrleo|(iri>Mn «Un In 111 niltlri^pniinii 
•lllr«t* IlnnUn 1* t^»l flltril l>» nn r«|i|rl«*l 
•yiMlIm raUilnn tk* naiural tna n( oayaan 
f«t**l>|l, iknalHt* ia«ivraiu?* anft iIm c*«*9*|o 
tiM •( Ik* lInnU ** lallaw*! 

U • O.IUU In tg^ * uiti.t/r 

j •A.tMIl 

, •«*”“«Al,», ■ ‘•‘’‘O'V^l 

* o.omingjp 

**‘*‘*«S.,o^**‘*‘*'V 

****** *rift 1*^*'* I* 1*1*1 li*" c*linl*t*<l •• 
r*0( QaiTMn fu|*cttl«* c*Uulat*4 fnr Ik* *n** 
l)ri*A u*|il** *f (ha H*lua|Hihl Uva Ink* an 
•jrilaatlcally lev kf Ot* t* I Ig itftnd- 

!*• *n (•■|>*ratMr*i hut th* corn*r>’n.l<nr* blth 
«*lu*a Orivaii lfi» M*a|»|ln| r**II anUri in 
fr**k «nd**U*a anA alllnnua obaldlana la (cidiIi 
T k* kl|h*r caldatlon lUI* of aUall-rlck kaate 
l**a* lnd|c*t<* hl|li*r onyitn fuiacliU* (at Ih* 
a* ** (•■*■) than I* txaioal of tholalitic t*va*| 
Ik*** n*c***lt*t* Mr* manaalan ollvinti in 
caunKtici kolk oajraan fuiaclly and lovar alllca 
•aiwily, In Uanarlaon (a thair tholallilc 
a*Mt«r^ri*. 


V127 

Acewnrt rinsr miMipus isoTHiMt ron k*cl 

Tft |ftO «I10MM 

A,*,T- IvloMlnikl (0**l. of Ctolony and Bra, 
ahyilca, Unlv*rilly of C*llfornl*i l«rk*l*y, 
C*. JI729) 

•acliar', aquation of alat* for KaCI, fr*r 
nuontly ua*d for prcitur* calibration, haa 
*a|l*f*clory accuracy to araiiurai of |h* ordar 
of ISO kllobari. W* r*|iort an allcmot to gin' 
oral* accural* lhaoraileal taoiharna for NaCI 
Ikal ar* r*l labia to )00 bllobarti 
Th* 0*a laotharo of NaCI li cOaoutad ulth (ha 
aid of a firii arinclolci calculation of th* 
anargy laaitru^ and charge danilty In th* II 
atructur*. Tha Augoantid flan* Wav* method vmi 
uiad I* obtain Ih* lalf'COnliilant band itruc* 
tor*. Th* aachanga and corralatlon Inlgrac* 
tioni Mr* apprualmatad by th* Hadln*tundqulat 
|M>tl*ntl*li nhich contain* no adjuitabla para* 
natari. A modified varllon of the VIrlal 
thaoran wai uted to comput* th* preitura. 

Th* predicted 0*K lattice conitant of NaCI l| 
In very good agreement nith the beat aval labia 
aailmatei, ai ar* the laro preiiur* bulk* 
mkilui and Ita praiaur* darlvatlve. Since th* 
accuracy of th* theoretical method* Improve* 
■l|h compreillon, me feci that we have a vary 
•ccurat* O'lt Uotherm. 

flnlt* tamparatur* liotharn* ar* being gen* 
aratad nlth th* help of available therrodynamlc 
dpi*. Including the taetperatur* dependent 
(runalten parameter. kOom temperature retult* 
■III k* compared «tth backar'i equation and 
aeallaki* italic comeraialon raiulia. 


V128 

•tiiftcuniM NiMTics or scticfik iuicmc 
■ lMaM.1 twain net* coNomoNi 

ft. I. Iliaat (u.s. taologtcal Survey, M. fiut, 
■Inn. SS101) 

Th* dliioluttoo of bylovnlta, wleroclln*, 
*nBlal.ll*, auglta, bfottta, and foritartla tn 
acldiflad daloniiad uit*r uaa tnvattfgated at 
Mar Itandard ttooaritur# and praiiure and eon- 
alanl pH at k.OO to dattmlne the kinetic* of 
tk* rtlaai* af all tea, calcluo, and nagnailua, 
Paltaia of calloni and iUIca foUoeed parabolic 
rbta laui far about the Tint 700 hour* of re- 
acllan tie*, than linear rat* lav* from about 
700 I* I.MO hour* of rtactlan lla*. (atlaaltd 


UMar>f*it lanitagli far ralta** af allfi* 
ranted If** TO*”*' note* par i«v*'| lanllnaiar 
■ar laiaod far fantariia to 10*”*^ aolai Mf 
•ouart lanlloatar par laipnd tor toMolllo, 
>llMor*rol* conitoj 5 ti for ifltai* maonaiivo 
ronftad frao 10***'* to 10*”*' aolai oar lanll* 
Miar aftuarad par Mesnd far laritarll* and 
blallla, raipaclivtly, tatcluo aai rtltaied il 
llnaar ralt* ranplng fra* 10 ’*'• to 10 
mIoo por lantlaolor louorad par lacand far 
au|li* anO olcracUna, raipaittvaly, Oflaai* 
af aagnailu* fro* loMlarll* aai abaul il tlaao 
failtr than (b* rataaie Of colclim fro* Oy* 
loanlto, ond uoa ol laait lao tl*M foMor 
Ihon tho rtloatt of pagnoilum fro* 01 h#r form 
reaoyntilin pinorolit tho rota of cotllua 
rataaio fro* ouglit u*i about tO tlmai failer 
than calclu* rata*** fro* bytOenli*. lha dif- 
farOnia In alllca ralaai* fro* pUoloel*** and 
faritarlta and th* *ulh iraalar rata 01 ** 00 ** 1 * 
la* ralaat* fra* faritaril* coapartd to lha 
caUlu* ralatta fra* Oyioanlt* * 0011*1 that <t) 
ckaaUal iMatharlng af gabbrolc rock* In span, 
acidic >y*t**a li yanarally doninatad Oy th* 
dlaialullan af allvir* and faldipar, and (2> 
allvlh* praOably aaathari at taait an erdar af 
■aftnit'ud* tailar than faldipar. 
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THO PAOTITIOIIIIM or OW'I, »c, Ob and C* HTVUM 
A ilUCIC MCLT AND A Cl nUlft 


l.Ae U»btt*r 

,a; Mottpuay (both alt C*olo»y Dapatiaant, 
Allien* Atat* Unlyaiollfi T**p*. At ISibO 


ft!* partltlonlno of Sn, Cu. Tb. tb, bu. !«. Ob, 
and Ca batuaep a 01 rich *aU (70 vt X StOf) and 
an iguaoui Cl fluid {.N *oUl Cl) haa bean aa- 
paMntncally daiaminad. kuna war* conddCtad 
for ID day* at k kb and lOM'C In an Intarnally 
baatad ar|on nadt* pcaaiuro vaaaaU t( capeilla* 
war* uaad, Th* *t*Tt|ni **(*01*1* uata a ayn- 
ikatte fa-fra* analopo* of tha llahop Tuff and 
a (Cl-N*Cl-N}D aolutlon. A vapor to malt ratio 
of a- ill uaa uaad (200 *it fluid to 30 ml plaar). 
Ravaraal* »*(* obtained by runnlnp dupUrata 
capautaa *l(h tha trace alancnta Inlttnlty In 
aithar ch* fluid nr In the alo*". Selntlva To 
tba artolnal pUea Man. apprnatmata concanlra- 
tlnna of 30 ppm (or the NCR'a. 12 ppm Sc» 100 
ppa Ca and 230 pp* kb vara uaad. Trace alciaenc 
cimceniratlana In tha atarclnk klaaii final 
|Laaa and vapor laluta vara daiarmlnad by INAA. 

Thia Cl fluid doaa not eauaa any fractionation 
batvaan tha kl|t'a but data fraCUnnata alkali 
alananta fro* tha kCX*a» DIatrtbiltlon valiiea 
(Dj) In maaa unite are ahnvn halpv. Kaaa parti- 
tion coaftictanta aa concentration In malt/cpn- 
cantratlan tn fluid (includlnd MjO) can be ab- 
talnad by ■uUlplylnp th* Oi Vatuaa by 3.07 1 
1.13 for all alamanta but Sc and by 3.1b I .16 
fpr Se> Th* iincarialnty la chiefly du* to In- 
cimhlat* aaluc* rtcavary. 


ataaanc 


eomC*nlratton tn alaai 
' conctntratlon In aolut* 


Se 

3.3k k ,*5 

Rb 

.215 t .012 

C» 

.211 ( .010 

Sa 

3.17 t .51 

tit 

7.P0 i ,10 

Tb 

10.03 1 ,70 

Tb 

10.71 i .31 

Ul 

3.21 k 1,73 
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TNP. COOkDINATION CHDtlSTkf Of SOME TkANIITIDN 
NCTAl. IONS IN HTPkOTNtkHAL saUnflONS 


Ntchoiaa J. Su«aV (Oepartaent of Caoloaical and 

Caophyalca'l ' Sciancta. frlncatan Unlvariity. 

Princeton, NJ 0S3kO 

David A) Crarar 

(kpanaart W. Jaten Norpan) 


Tha aiaibta and naar*tn(rarad »KCtra of llolil) 
and Nidi) hava bean ■eaiured along ihr Ifgiitd' 
vapor curve of 0*3 * NaCt aaluCiona up to 100 G. 
At lo« la*paritura*~ and lov chloride concantra- 
tiona (^|) lhaaa tone are oetahadtaliy coor- 
dinated by vatar and chloride, The abaorption 
paaka of the ociohedrat (O^i cemplea underio e 
rrd-ahift wlCh iperaeeing ta*pereture or in 
reaponae to Inctaaitd tharmol vikrationa or (ha 
fotmation of hlihar ehlorida coaiplaae*. Above e 
temperature idtich la a function of the mecat 
ion and the 0,, couple* gradiiilly convert* 
to 1 tettahedeel ceBOlea (T.j) until a temptre- 
lurr T above vhtch only th* T, compiaa la 
preaant. Th* apeetra Ot fc(lt) and Cu(il) Up to 
30"c ahov only a red-ahifted conplua but 
lUand-fteld conaidarationa auygaat that thcat 


ftpa Ihfuld allP ganaan i* • ia*plta at 
‘kUhar »aMar*t“f**» . . 

■ A thank* I* a T. c**pia* vllt Intraaa* Ik* 
fraa anargitt g< tk* co*pltaad Ian tharaky 
changing tk* agulltkriu* t»**l*nl# far *inaral 
•olyalian faatlioga, Thia raauUa in klgbar 
mtnaral aalukilitiat, luck ateraochrotcal 
iranafarmatlsna *ty aicaunt far changaa IP 
mlnarat lanlnp pattarna and pay ka lepatlant pa P 
PapptiliPNPl MChanlapi 
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Hyi'kOThf.kflAI. CIA» HINrAAl, roPNATION Ok lAXT 
PACiPic (Ihr. ANO UUM lAiiN iromfNTi 

■M Hwall Inutuu «f 

c»o^i)]r6tc9» Ufilv* *f NMflii* HonvUtyi Kl Hill) 

of Muhtftroui MiliMnt 

rurovir## fro« (ht p«eiflr sIm 

•( 10*9 titUMxt* «fi(f fry* •illArynl 

liiMf Mi|n ar* charafUrtiad hy AuthUanl* 
fatty fflriMilp trfn^rlfh nffltMrtllfntt* (hat 
ihm ulntratoiy of iha 

clay fraeitofi (<2 v*), aUMhH pr*v|oua work 
Haa ■MftitaiH that thtat tron-^rtrh HontwortUc^ 
nttaa ara foraei ky Baafteor-tfaperadtraft ^ta* 
lanacle proctaaaat wt hava oktatncii oiyMn 
taolofU fnriMitlon ttapara(ii/ta wbteh ImUcatt 
that tha iron •oniaorlUonitoa art craatt^ ky 
l<w*it«parBCiir« ()Q* lo 90*0 hytfrolharvat 
yfacaaitak 

Tha clay fraetUn waa chtatcaily traatak to 
ft«oVf cateiitf catkofiata anC iron oatila yhaaaap 
Thaaf iraacaanH 4U hQt raaova opallna allUa 
yhairs* lAieh raauUa IMtcatp art larMly 
kt 0 |Cfiie tn origin* iccauit bloRentc aUlca 
yhaiiaa ara ^*0 aurtchadg •tntfua foimation ten- 
pvraturta ranylnt fro« 7* tk )2*C War# eatculaiti 
for tht neninortUcnittk Haaini* fornation tt»a- 
paratyraa ranitni fren 35* to 9i*C ware catcutaiai 
ky eaploytUR yiikltahad 40 ^* valuta for kipianlc 
aiUca in naaa-halanfa aquatlona* 

Thaaa iron nonlMrltlpotcaa ara fmaalhly foraa^ 
aa a rcauU of thf contlOR and pildation of unata» 
k)c» liikh*iaiarcraitir« (TPO* t 3Q*C) aiilfld# aaaa»« 
bl4ita rarcfitlv diaenvarad on tha craat of lha 
factflc Rial of at A fetuti 6f Ihi f#F?ala« 
lion nf hydrorharvalty aliarad aaawaiar aolultnna 
throuRb undactytnft hanalt and aadlnanlat Tha 
wliiaapraad aadlaantatton of tlit clay nintral la 
KURRantail tu ha ranaad hy rollottlat iranaporti 
popathiy by cha hoiiow currant aroalon of hydro* 
thatiaai nouudai Hydrotharpnl Iron noninnrl Uonlca* 
nunirnnlta fomatiDn nay act a« a direct and fiJL* 
fittteant orcante aink for St and Fa retnaaad by 
tha hlRhoUaperatifra attaratton of baaalt at 
ocaan apraaOlnR eantara. 


Airborne Sampling of 
Eruption Clouds of 
Explosive Volcanoes 

Gold Rush B 
Friday AM 

R D. Cadle, W, I. Rose, Jr. 
(Michigan Tech.), Presiding 



iTogiNO or SOI ruig AT voixanou 

tavrrnea L. Nallnconlco 

klchard t. stBlIiar (twth ati Dept, of Inch 
Seiancen, Dartmouth Collage, Hanover, NH 01755) 

Hnnltorlng so, from aaveral .acctvn yol- 
cannea ha* t*ann carriad out vith a eorralallon 
9!-*ccrufvittr ICOSPECi Irragularty for varlou* 
timm Incarvata ovar the laac eight yaara. At 
I'ueqo and Pacaya, Cuatemal* and San Crittobal, 
Htcaraqua and to a lai* rnarkad dagran at othara 
va note a a|ov rinn and fall Iri SO, flue over 
perloda of monlha or yaara raautclng in a change 
of helvaan ond and evo ordara of magnUudn, Tha 
maetmtae fa often trolncid-nt vl th perloda of In* 
creaiad arurtlva activity, aithar lava or pyr»- 
elaitle, though not alvay* a major aruplion, 

When thaa* occur, tha flue incraaea* to even 
qraatar lavola, Th* nine year criaia at San 
Crmobai, no* apparently over, began In 1971 
vlth tho llrnt noticeable gia omiaaton ainc* 
the 17Ch Cantury, It culmipatad vlth very minor 
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Mh •rupUM* in liH) celiteiMnt with Ih* hl<|h* 
•II. ($1 (luk ihdukMdi «l Mirie twit |<*r 
liiy. In il» m# h»* dropi-d »* 19 iwn 
imr dty. Ai AkMy* V«tni>«t w 

h*v« M««ur*it ttw l. 4 |ihnl«y at t drAwUt km 
UkAd* Ki vkIIMmi U ktjkdH an aid<r »t 
iMikiiv 4 « »rs*t«r %hm 1 ^ in thu lyio'k. 
iinUtr •vkAik h«v« M«urr«d N>pr««lMkk)y il> 
iU kiul 1 ) ykari tya and taitad triai } ta IB 
y«ar». Ua art caniindinf la aiudy thit 
Tha»« araddal a),ani)fi in HO, Uiik aenttait 
wiili aMu iani in«caaiai in Ud* 9 f houN ar 
daya duration oluch liavt yrandad aah aru|» 
tiona at m» Etna, (icUy> 



tiiUIl Ano ctMCRiTiuiTicMi or voicanic riVKi 
AdtiToiiro |M awMi, Awm^ and wcskm immo 

ITATKd 


at Inf 


Mchaid a, 

Uatvnva L. fullniiaiino 
Utanlay N. WlUlaaa laU ati Da|it, af Earth 
ailviiuaai baiiauutti ^Uaaa, Manavari NM ailil) 
H(E. Hiniiar ln«,it, ot aioloaleal aelanoaai 
Itanlatd lailv,, Etanlnid, CA aaiOM 

tha anrtaJaUafl ayattinaatay lOpaKCI a«d 
lOi daitetor Unuiacan) hav* l>aan vaad kwih 
aai«lifirna and atiluina to a«taura tha rata o( 
prnluttlon and coniiantraUon at EDi In volcanta 
plimit In Nlaarayuai euaitiatlat and Naihlnaton 
Elaif. A mathcid t>( (lylna at aurcataivaly loaar 
alavttiona at a diitanaa dmnuind Inai an a«t> 
Ivaly daoaaainy voleana hat naan davalo|>ad to 
dalamina tha pluka thiaknata aiid lataral dliMn» 
Mona. Th*M. data am tha h*>aa far aanatruetlan 
at “ladctara* *• thtra*di*anal»nal arsaa aaationa 
al valaanli plUMt at variout dittanma trim tha 
Volcano. Thata taVaal that tha EO, pluna ietu* 
ally haa a darya, Croat taction than that 0( tha 
Vlaibta vapor pIubo. Dtacrato S0| plunaa htva 
liaaii eutlintd at dlatanaat ot dratiar than Ed to 
ftim tha volcano. 

Mo hava praVloutly utad tha CDEPEC for 
datomininN tha rata of I0| aolttinn frno voW 
canoait In addition, aa noa oaleulata coaplata 
eoncahiration prolilta throudhout th> pluto, 

Tha Intaracan ahlch dlracUy aotauiaa tOl m>a> 
cantratlon haa liaan uaod aiooUanainialy with tha 
Wal'hc. tha data Intaroratad. and Oiaqlarad alU. 
tlia CDEPEC data. Thr tcaulta aqraa vary vaU. 
Concaniratton dltiilhulion in ctoaa loctioiia of 
tha Navaya. NlOacaqua Volcanic plunu lovval 
ataaa ot D.d pl« at (ar doonainil at it an. In 
tha aeilvtly rltmt aruptlon ooluaai directly 
Ovac tha vant of tantiatulto thma. Cuataaialt 
CO, cpncanitatlont aoit at.O ppa. 


viw wiTOwm 

CAS ANAtneS or AlECMNt SAMELCS 
fRW St. HtUhS «UPtlO« EtUHC 

!)■>. Cponn ( Air Pollution Rtnirch StctlOn. 
‘dilhin'ctun 5Ut» tinivfrtity, PuUiaan, VA »9I6d) 

Whale dir Eit itnpirt Mvt been tdllactrd 
in int nunprivj ’-clcsnic eruntlon plumt of IH. 
St. iieleni iVd <s‘-n uean anil nh ca(ilo» 
ilon of MarDt f Uiviirn* idopUs have been 
collected utinv /b-c olrCrElt In colUborailon 
allh the bnlwrtujr of dathlnatoh, lot Mama 
Sctenuftc tabs and the Dcpartnint of tnercy. 
and I PA tat Vi* 9 ai, Ihe tanplet have been 
analyted for a variety of trace jatet with 
eiiphasli on ctmiigntnlt tuch at CQS. CS; and 
COj wnlcn occur In volcanic eailiilont. After 
correction for tanple trantfer loiiet, COS 
IcvcU ranyed frwi 0,3 pi>b to ?.6 ppbi CS? 
from O.Uii to 0,? ppo. the trace yet levelt 
will be related lo concurrent aaiaturenenlt 
tuch at SOy, lIjS and/or SOa, at well at othor 
ftiyhl paraaicttrt obtained by the variout 
collaboralort. 


the trpiMive erupttont of Ht. St. Auyuitlne, 
Alaiti, <n ly/d and At. St. Nfitni, waimnyun, In 
1$EV. Thrte two yeeleyically tiAiiar voleanoet 
both prNoced gni.nch lephra rrprcttntfny a range 
e< teomr maunalt from andeiue lo daeiu. 

The h:. St. AuyuUtnt erupUbn (Entitled of 
three pcriEdt of eii'lotivc vvlcanith, each 
iirdyrettlrely weater iJanuiry, frbruiry and April, 
lyfb). Our iwaturractttt were made during 
felrvary, fdllE«etl by (.sH.rrvplIve watureeientl 
in A,ril, |yJ/. Cur niatvriyynu of the «* 51. 
iieten'i eruption have covered the entire eruption 
ttyuence to date, including pre-eruptlve, er’ipUvt 
and inira«ervili*a, ana include teveral of the 
five aujor rrupliont. 

Ihe tile diuributignt of Nrncloi watuved 
during the eruptioni ot both voleanoet are 
reaartably imilar. In both catet the particlei 
esntitt Aulnly ot tuperntlcron tiled particlei 
(with a waall water lOlublt conHwneni). 

Strongly acidic (valttlont. with a adjor tub. 
Micron coMiyinent, were charactnriUic of the 
lnlra«erui live |d>aiei of both voleanoet, 

Ihe tdifur ijuu't IvOr Hi, St. Auijuitfne 
.ewatned largely 50, uniii Mire than a year after 
the Initial eruplitnit. lijS hat revdlncd a tignifl. 
cant ciwHiunent of the luUur ivnittlont frOM IH< 

St. Hvtent. ihiwuver, tbe net lulfur fluiet freta 
the voleanoet were yeneratly tiMllar. 

iwlUe m. St. AuyuUlne, the lOy eiamtons 
from til, St. Kdlcni have been occailonally tlynl* 
llcant {-.ttg i‘‘)> When large arountt of trace 
gatet were pretent, depletion of orone wat noted 
in the intra.eroptlve p|u«et. 



NAEAVA VTACANO. NtOAEAdUAl A NAJOE EtAIEOC OP 
ThOPOEPlICRlC EO, OUKIHS IVEO AMD ITE INPACT CM 
TIW ACOACmr CNVIEOWCHT 
El.. .|ey W. WmieMk * 

JUUiArd K. 6toit«r’ 

NeHe t)0»t»lkC41* 

«.K* wim)«r * 

r*rP*Ua 4fg‘ 

J» HMtwrt* 


Th« ntUrAl cortiribuUon iOi 

futd •vroiiol io Ui* trof)o«o|3h«t« ih ivto !■ 
Isalluvad to bit^ thu >QmS ■ 10* ftt MiklUtd frOM 

^oMitugo emtr at Vdlc«noi Ntaaragua* 
lit 1971 U aiMiit of thu AHHmte 
Uuk «i3d ilii ralto Of (0|/1iCl <)«• IMUaU «n 
^1C) ruitlrlhuiltadt of >0.E ■ ID* wt for J9IIOa Th« 
Uni# ctHiUihM>u« 50| «»ii«lDti «hUh lwi|wi |n 
\\iiii 1979 U ilPilUr to vvanta ot ibodi &0g 
Ut>4 75 yvuu agoi oaeh of «hich latud ^ to IQ 
koairtM CUuntl tav#l S0| e<»nc«ntraUoni up to 
|<>»b [{loi ouur al- 1^ 7»i dovn^lfide VUtibl daiaaga 
CO cloud ioiait corralataa with hlfhoat «ai 
Ifivulkf y«t parthnul undcratory a|>«cUa apfwar 
hualthy da«pu« Uryv aaooutita of SOp diffuaad 
I through aitMMta. *Aeld rain** fc<ao«aih th« pluma 
I Mk a ramif of pH fro* ?e 6 to Jal. it la Uroa- 
I ly naucratitud hy contact with ha rhacaoua undor* 
atory vagitauofta strean and aprin^vatrr In th« 
aioa praiantly ahow no acUHIcatloh afracti* 

7h tha aoUaE vhuh ara davalopad in Qualttrnary 
ashfall du|>oftitPi two acid nautraUtation pro' 
MRsaa apraar to occur* tha i^ora affactiva pro* 
eaaa tiwoma haia Xaaching frm anthanga aitaa 
in ha»a-riah »oUa ihoilic Vitrandepu) uhfeh 
produce! lalailvaly high loil pHi (6»3< ^ 7.3H1» 

A iu»K alUctiVf procata involyai tha dlaaolu* 
liun of Anmrphouie alUMliiout phaaaa (aliophana) 
lit thu mi)tu poorly liuffarad aoili (Typie Dur* 
aodupu) g which proiiucaa aueh 1t»/ar aoU pHa 
J4e51 » 5.&Q), 

‘lh.*ptt of earth Sclancaai Dortaoutb Collagti 
liano\^r» Nil D37&& 

of hlological felancaag Stanford Unlvig 
Stanford, CA Q4105 

'Oapti of ChcaUtry* Colorado CoUaga, Colorado 
6|irlngi, CO a0901 J 
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V1S5 immpm 

COMPARISONS ILTWCtN AIRBORM WASURCHCNTS Of IIIC 
VOUANIC WISSllWS [ROM NT. ST. AlKOSIIHt IS/t 
AMI Mt. SI. icuiis lyao 

P. V. licbbi 

irtrSudJie 

D, A. Heyy ^ 

N, W, tUyrdlh , ... 

J. P. Tuetl (Ell Et Cloud end Acrotol Rcieirch 
Group, Oepi. of Alrot, Scl. AK.46, Univerilly of 
Withingion, SciUlc, WA 96195 

Cvlentlve eirborne EMturewenlt hevi been 
ohlElned of the pArttelel end guEcs eMttfeO during 


CAS CHhaMATOCRAfHIC bfTEWIINAtlOII Of SOME 
COIISTITtICKTS or VOLCANIC CASEE 

f.b . C«dl« (Nktionel Ctnler let AlMoephetlo 
Ecvrurelf. Eoiilder, Colsreda 1P30T) 

L.t'. lluldl iNfitluiinl Cvnivr for AteuvyKerlc 
Euw.*urch. EuulUer, Coloiedo E0)Q/i 

Cat chroMklPcrkphlCi anklykee have katn ■adt of 
the eaaat ewtlted ellh. r •• fuwe nr eruption 
Claude fro* I’ACtya. ,u«En, and Sanllaaulto 
voUanoea in Cuaiea«li| in* Rtlauta ^*Sulphue 
bunt" and Heuna Voa In lUwatIt and Mt. St 
NHana. during the aerlr iciliea uf Ua IVAn 
etupilva eycU, when the vrupilone Lara Ureaty 
or tntUaly phreatic. 


A 


Amope iKa tOAcluatone itethed ere Ihel *f«> It. 
Hatana etupitd yarteua MaEwE EaeaE eve* durUi 
the phltaite eitpae of lha erupt lone. <A>t the 
■athma el tan ubaatvad U vdlcenle ,eMe It 
elMoet cettalhly of mEU eiflt*, e*A llxt 
veUanoaa ere »nly e Minor eeuree el e»lboMyl 
uuiride in llM iiMephtie. 

ayhe Neitunat Center fer AlMeephartC Eetearth it 
•ponaorad by the Na||onat Selence feundetfan. 
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COMTAKtSIM or AEEOSOU PWEf lEUPTIOII V 
lANTlARWlTO, OyATWIAU AND ET. MUM* 

E. Li Oiuan (IrvMViWicb OatMorelleM. fioete Him*, 

*TA!‘5Tnb) 

b, c. b'ooda (ease Uailey Beeeeick CeMtae. 

HAwptnn. VA TSAES) 

Tlie retulie of dlieel Mirbenw eetewt 
•aapliiip or aruiuliin riouda |t,m linMeiwItc 
In frhrwary, IVEQ, ere toM,ieied with Ifavee 
In Irbruaty, 19 JB. Tl.e MulllMUdel (■oetly 
iri.MUv’iil) nature of tlw earoaol elie dleirt* 
but tun appcaia to be Eanerelty (he eeaa. but 
the pauunt ot tulfurle eeld butde* w« tto 
aolld parlUlea tppeare •«!' I*** !• U*® 

In 19JI. Thera la no dioccrniblo (tilhor by 
SCM iwaptnE or oliriton'MltroproblnE) Meneto 
of odd on panlelaa loriar than obour S A'* 

In ihe J9B0 eruption aaaploo, whllo rhaoo froM 
1978 were Uherally Mantled. Tho oerly. 
phreatic erupt Iona of S|, Heltne 1 m April. 

19110, wen leund IP product o noEtly MOMMOodol 
aaroiet, with Urit ( a >Sa») ploilecleie 
parUclro free of any odd. tvoe tho eoay 
anall nuabar et aubmicion poftleloo ioomoiI* 
luting i II of the totol ooroiot mooo) ere 
frao of add nantlfni. By controoi. Ike 
aaroae) frow ibr prawonUery tMlealene Itoa 
St. Ilrlana in Auguat, I9E0 (juu grecedlMg 
Ihe Auguai 7 aniptlonl wpe tri.nodal, end Ike 
luhmicron Mode partlclet were revered with 
eulfurtc idd. 
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CIIARAnREItATION Of STMTOSTHIEIC AliOIOll IN 
BRIIITIUN 1‘LWNI.S lEdN Mf. *T. MM.WII 

INASA Langley leeoetek Cenler. 

‘'ll'.rwirion. VA, DIES) 

R, L. Chuan (bcunawirk Cotpoioilon, Cooie Moto. 

CA. 97b7b) 

(Sponauti f. i, Ruiooll) 

Dare uh aeroeol oiao dleirfkutlon, conceairoilan, 
Burphol.igy and cunpoalilun have keen ektatnad In 
the attaioa|ihi>(|e clouJa furMvd by efftuanio tram 
tho erupt Iona of Ml. St. Helene, a aulileiogo 
InertUl Icpacior, which claialllao oerotOla by alia 
and aeavurd the oana In each alia Intorvol by Meant 
of pUaueleCtru alcroboloncea, vat flown Ihroogh 
tha arupllun cloud on the NASA Awea 0-2 reoaorch 
aircraft along with orhar aampling inotruMnte. 
HeaauierMnu were oada on Nay 22, 1910, A daya afttr 
the May IE aruptloii, on May 27, 2 daya aflor the 
May 3S uciipilnn and In an aged ptuM, on Juno 17. 

Tha alie dlacrlhullOna In (ha. f rath pluaoo (Hay 22 
and Hay 77) w.*rp lounil to be MonoMOdal and very 
narrow in ntin band with Moat of the MoaO lapaeting 
In eiagea 7 end h of lha caaetda Inaacior corrtt> 
ponding to geoavirk' a«ian partida dltMeiara of 
g, 2 ) vB and U.Sa ub. Theap are gulia different 
ftOB the dial rthui Inna ubialned In lha nltd aruptlon 
plua'ei Mpaauri'd nrar iha venca of St, Nalana In 
April and Annual 1980 and Iiob Sinllagwlto and Puaga 
In 1978 which wniw aulUBOdal and cowaiad a MVeh 
hrvad.r alar rnngu. im the othar hand, iha aira 
dUirlbuilnn III ilia aged •Iraluipharic pluM. 
lJune 17 keunurrneni a probably fraa Ih* Kay ti 
erupt Inn) wa* buIIIbihIuI wilt, paaba at abhul 
0,li;.ea, O.Whb and l.).UM dluBUiar. Bnargy die- 
pernlvu e»ray anulyete ahnw the parilclaa dn largar 
kill- range >1.0 ua la ronalat af tfllcataa (tBiatly 
SI and All will. lOBe aulfurlc add. whfla the auk* 
alcmn alta partldea conatat alnnat anllrply of 
aulfurlc add droptala. j 
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BAunnH-iofihr. ACtosoL wusuiiiMm rDLLowme 
THE EHUmoW or HTb ST. MCttMS 

0, JgHuffitmi 

Jt Mb Kuma'ii (hoih All tW|i«riMnt af Thjralct aiW 
A«irtfiiv«)-j UnUti'a'iHy ol Vjru«lnAe LiraaU, W 
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